Over sixty years ago, Nencki and SchoumowSimanowsky (1) suggested that bromide displaces chloride in tissues. Twenty years ago, Wallace, Brodie, Brand and Leshin (2-4) and Weir and Hastings (5) showed that, when large doses of bromide are administered, the ratios of chloride to bromide are the same in serum and in the tissues excepting the brain and spinal fluid. We have been unable to find analyses comparing the ratios of chloride with bromide in sera and individual tissues when the small amounts of bromide suitable for clinical studies are given. However, it has been rather generally assumed that the ratio of serum bromide to chloride after administering a known amount of bromide is a measure of total body chloride (4-10). Cheek and West (8) found that total chloride of rats agreed well with total chloride calculated from bromide dilution. If this finding is correct, total body chloride may be followed for a considerable time after a single dose of bromide. This conclusion follows from the evidence that bromide is excreted slowly and practically entirely in the urine when there is no diarrhea. The present study re-examines the distribution of bromide for intervals of 6, 24 and 72 hours. In addition, bromide space was measured at the same intervals in rats and for ten days in humans following a single dose of bromide. A comparison of total chloride by analysis and by bromide dilution is given for normal rats and rats subjected to alteration in body chloride.
Over sixty years ago, Nencki and SchoumowSimanowsky (1) suggested that bromide displaces chloride in tissues. Twenty years ago, Wallace, Brodie, Brand and Leshin (2) (3) (4) and Weir and Hastings (5) showed that, when large doses of bromide are administered, the ratios of chloride to bromide are the same in serum and in the tissues excepting the brain and spinal fluid. We have been unable to find analyses comparing the ratios of chloride with bromide in sera and individual tissues when the small amounts of bromide suitable for clinical studies are given. However, it has been rather generally assumed that the ratio of serum bromide to chloride after administering a known amount of bromide is a measure of total body chloride (4-10). Cheek and West (8) found that total chloride of rats agreed well with total chloride calculated from bromide dilution. If this finding is correct, total body chloride may be followed for a considerable time after a single dose of bromide. This conclusion follows from the evidence that bromide is excreted slowly and practically entirely in the urine when there is no diarrhea. The present study re-examines the distribution of bromide for intervals of 6, 24 and 72 hours. In addition, bromide space was measured at the same intervals in rats and for ten days in humans following a single dose of bromide. A comparison of total chloride by analysis and by bromide dilution is given for normal rats and rats subjected to alteration in body chloride. CHEMICAL 
METHODS
Water and fat were determined by weighing fresh tissues before and after drying at 1050 C and after extracting with ether. Duplicate aliquots of dried, fatfree ground tissues were used to determine chloride and bromide, respectively, by the Volhard titration (11) and Brodie and Friedman's (12) Remarks on chloride. Duplicates of skin chloride gave a deviation 1.5 + 0.8 per cent of the value. The deviation of muscle and carcass was somewhat greater, 3.1 ± 1.0. In the case of the carcass, the deviation may in part be explained by less uniform samples.
RESULTS

Observations on rats
Only male rats weighing 250 to 300 g were used. These were a Sprague-Dawley strain, all obtained from the same breeding farm.
Bromide space. A group of rats was divided into groups of six. The animals were placed in separate cages in order to collect urine for 24 hours to provide control bromide excretions. Enough NaBr was injected into the peritoneal cavity to raise serum bromide to about 3 mEq per L in four rats while two received equivalent amounts of NaCl in order to provide contrpl values for serum bromide. Twenty-four hours before terminating the observation, food was removed from the cages and water containing 10 per cent glucose and 50, 20 and 30 mEq per L of Na, K and Cl-, respectively, was available. Four hours before killing the rats, both food and drink were removed from the cage. The rats were killed by withdrawing as much blood as possible from the abdominal aorta under ether anesthesia. Washings of the cage were included with the urine in order to assure as complete collection as possible. The intervals after injection of bromide were 6, 24 and 72 hours. Br, is serum bromide while the factor combines a correction of serum water (0.93) and a Donnan factor of 0.95. Control serum bromide was subtracted from values of the experimental rats and control urine bromide from urine bromides. Table I shows the average and standard deviation. The bromide space does not differ statistically at 6 and 24 hours but is greater at 72 hours. As is shown later, the ratios of chloride to bromide agree in the serum and in certain tissues (liver, muscle and skin) at 6, 24 and 72 hours. Consequently the increase in bromide space at 72 hours is probably erroneous owing to failure to measure bromide losses completely.
Distribution of bromide and chloride in tissites.
Rats were killed as previously described at 6, 24 and 72 hours after receiving 0.32 mmole of NaBr intraperitoneally. Liver and samples of serum, muscle and skin were analyzed for chloride and bromide. Table II shows the ratios of chloride to bromide in serum and tissues together with serum bromide. The average and standard deviation of each group is given. Plotting the serum against the tissue ratios shows good direct correlation in each group despite the small variations within a group. Because there was no significant difference in the relation of the ratios of serum and tissues in the groups, the data were treated as one homogeneous sample for which the average and standard deviations, and the correlation coefficients between the serum ratios and the ratios of liver, muscle and skin, are given. The surprisingly high correlations indicate that the tissue ratios may be predicted with confidence for these tisstues. where RI, Rm, R,k and R8 are, respectively, the ratios of chloride to bromide of liver, muscle, skin The rats labeled normal received no treatment except the injection of bromide. The rats labeled low Cl-were subjected to removal of Cl-and Na by the injection of 35 ml of 5 per cent glucose into the peritoneal cavity. After four hours the fluid was removed by opening the peritoneal cavity under ether anesthesia, and bromide was given subcutaneously. The loss of Na and Cl-per kilogram of fat-free tissues is indicated. The rats labeled NaCl received 15 ml of physiological saline 24 hours before injecting bromide while those labeled DCA received 7 mg of desoxycorticosterone as well as the same amount of saline.
The data indicate that injection of bromide permits calculation of total body chloride as retained bromide multiplied by the ratio of chloride to bromide in serum. The chloride removed in the low Cl-rats is consistent with the values found. The retention of Cl-was not determined in the rats receiving saline. The data confirm the study of Cheek and West (8) .
Observations on humans
The volume of dilution of bromide in adult males. Four adult males ingested sufficient KBr to raise serum bromide concentration to about 3 mEq per L. Urinary bromide losses were measured and serum and whole blood concentrations were followed for periods up to ten days. The subjects, aged 25 to 31 years, were in good health. During the study they carried out their usual activities; all urines were collected. The usual diet was eaten and presumably contained no unusual source of bromide. Samples of blood and urine were obtained before ingestion of bromide in order to provide control urine and serum bromide con-centrations. These values were subtracted from those of the experimental periods. Bromide concentration was small before ingestion of bromide, generally about 0.1 mEq per L. Bromide space was calculated as was indicated for the similar measurements of bromide space in rats. The observations are comparable, except the second one on S.H. dated 5/10/57 (Figure 1 ). In this case five tablets containing 40 mEq of Cl-were ingested thrice daily after the fifth day (Thermotabs; Merck, Sharp and Dohme, containing 0.45 g NaCl and 0.03 g KC1). Data on the rate of urinary excretion of bromide in this study confirm the well recognized augmentation of urinary bromide when urinary chloride increases. The average rate of excretion from the second to fifth day was 0.101 mEq per hour. The rate from the sixth through the ninth day was 0.15 mEq per hour. At the beginning of the second day 66 mEq of bromide was in the body while at the beginning of the sixth day body bromide was 55 mEq.
The data are illustrated in Figure 1 . The volume of bromide space increased beyond the analytical errors from the sixth to the twenty-fourth hour in S.H., 10/29/56, and in L.T., but the other values do not certainly change. Assuming that the volume at 24 hours is most nearly accurate, Subject S.H. showed essentially constant bromide space in one study for six days and in another for ten days. However, the other studies show a slight tendency to rise. Table IV shows the value at 24 hours together with the average after three days. It will be noted that the average shows remarkably little variation after the third day. However, inspection of the figure in- space would occur if bromide loss is not completely measured or if bromide is concentrated with respect to chloride in certain tissues over a period of time. Because the rat tissues showed consistent agreement between the ratios of chloride to bromide in serum, liver, skin and muscle for 72 hours, the findings on bromide space are probably due to failure to collect small amounts of urine or to significant losses of bromide in stools or from the skin. The data indicate that measurements of bromide space do not involve appreciable errors over a short period, but significant errors occur over long periods.
DISCUSSION
The previous data comparing the ratios of bromide to chloride in sera and tissues are summarized in Table V . The relationship is indicated by R8/Rt where R, is the ratio of chloride to bromide in serum, and Rt is the corresponding ratio in tissues. Unity indicates identity of the ratios while values above or below unity indicate, respectively, relative concentration or dilution of bromide in the tissues. As was recognized by the investigators, the interval after injection was probably too short to assure stable equilibrium in the first five observations. The other data show reasonably good agreement, but the number of determinations is small and occasional discrepancies are shown. A more serious objection is that 20 to (3, 15, 16) . The ratio of bromide of cerebrospinal fluid to that of serum is 0.75 while the corresponding ratio of chloride is 1.20 (3) . Similarly, the ratio of bromide in red cells to that of serum is 0.75 while that of chloride is 0.67 (17) (18) (19) . Gastric juice is known to contain more bromide relative to chloride than does serum (20) . Also, urinary bromide does not precisely vary with the serum ratio (19) .
It cient after intravenous injections (4, 5, 9) . In the rat, six hours sufficed after intraperitoneal injection. Assuming that the rise in average bromide space reflects only errors in measuring bromide excretion, the error in these observations is about 1 per cent per day. From previous experience in other types of balance observations, we know that total excretion is seldom measured. Consequently, the errors are accumulative in the direction of indicating retentions. The cumulative error in estimating bromide retention explains the rise in bromide space with time and the rise in estimated total body chloride. The data indicate that bromide may be used to measure total chloride when this systematic error is kept in mind.
The error is unlikely to be great for a period of one to three days but it is likely to be serious over longer periods. Successive measurements of body chloride following a single dose of bromide should be most satisfactory when changes in body chloride are large over a short period.
SUMMARY
The ratio of serum chloride to bromide in serum is similar to the ratio of these ions in liver, muscle and skin at 6, 24 and 72 hours after injection of NaBr into the peritoneal cavity of rats in amounts producing a serum concentration of about 3 mEq per L. Bromide space of rats is constant at 6 and 24 hours but is considerably greater at 72 hours. Following oral ingestion of KBr in human adults, bromide space averages 95 per cent of the 24 hour space at 6 hours and slowly increases for 10 days to about 107 per cent of the 24 hour space. In view of the consistent agreement between the ratio of Cl-to Br-in serum and tissues of rats for three days, the increase in bromide space is probably erroneous owing to failure completely to measure bromide losses. The studies indicate that the ratio of chloride to bromide in serum, multiplied by body content of bromide, is close to total body chloride. Application of this relationship involves the usual errors of balance techniques.
